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(54) SEMICONDUCTOR DEVICE MANUFACTURING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the junction capacitance 
between a source-drain layer and substrate by forming a photo resist 
pattern to be a mask for a large- inclination angle ion implantation and 
implanting ions, using a gate electrode and photo resist pattern as a 
high-angle ion implanting mask. 

SOLUTION: An As ion implanting 16 is applied to a semiconductor 
substrate 11 to form an As ion layer 17, a largeinclination angle B ion 
implanting 18 is applied from the source and drain sides to form a B 
ion-implanted layer 32 which is formed only near a part of the 
substrate 1 1 below the side wall of a gate electrode part 2 since a 
photoresist pattern 31 and gate electrode part 2 form a mask for the 
large-inclination angle ion implanting 18. When a pocket diffused layer 
32a is formed with a p-type impurity of B ions, an S region adjacent to 
the pocket diffused layer 32a and S adjacent to the substrate are 
formed at the junction of the source-drain layer 22a. The diffused detect 32 has a higher concn. than that of 
the substrate 11 and the junction capacitance can be reduced. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of a semiconductor device characterized by providing the following of having the 
process which forms the diffusion layer for punch-through prevention with a large inclination ion implantation. The 
process which forms the gate electrode section which consists of the insulator layer on a gate oxide film, a gate 
electrode, and a gate electrode. The process which forms the photoresist pattern used as the ion-implantation mask at 
the time of the aforementioned large inclination ion implantation which adjoined the aforementioned gate electrode 
section. The process which carries out the ion implantation of the aforementioned photoresist pattern to the 
aforementioned gate electrode section as an ion-implantation mask at the time of the aforementioned large inclination 
ion implantation. 

[Claim 2] The manufacture method of a semiconductor device according to claim 1 characterized by setting the interval 
L between the aforementioned gate electrode section side attachment wall and the aforementioned photoresist pattern 
side attachment wall, height H of the aforementioned photoresist pattern, and a relation with the pouring angle theta of 
a large inclination ion implantation to L**Hxtantheta. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of a semiconductor 
device of having reduced the junction capacitance of the source drain layer of an MOS transistor, in more detail about 
the manufacture method of a semiconductor device. 
[0002] 

[Description of the Prior Art] In recent years, as for the semiconductor device of an MOS transistor, detailed-ization 
progresses increasingly, and the gate electrode length of an MOS transistor is becoming below a half micron. If this 
gate electrode length becomes below a half micron, the so-called short channel effect will occur and the problem on 
various properties will arise. As one of the short channel effect of this, it is the problem to which the threshold voltage 
VTH falls as gate electrode length becomes short. As a method of suppressing the gate electrode length dependency of 
the threshold voltage VTH by this short channel effect, there is the method of forming the diffusion layer for punch- 
through prevention by the large inclination ion implantation and the so-called pocket diffusion layer. The MOS 
transistor which does not almost have the gate electrode length dependency of the threshold voltage VTH to the range 
with shorter gate electrode length can be formed by optimizing the angle of a large inclination ion implantation for this 
pocket diffusion layer formation, ion-implantation energy, and a dose. The threshold voltage VTH becomes large, so 
that gate electrode length will become short, if the range which does not almost have the gate electrode length 
dependency of the threshold voltage VTH will spread if a dose is incidentally made to increase when it sees only by the 
dose of a pocket diffusion layer, and a dose is made [ many ] not much, and the range which does not almost have the 
gate electrode length dependency of the threshold voltage VTH becomes narrow conversely. 
[0003] The manufacture method of the conventional semiconductor device by the method of suppressing the gate 
electrode length dependency of the threshold voltage VTH using the above-mentioned pocket di ffusion layer is 
explained with reference to drawing 2 . First, as shown in drawing 2 (a), the gate oxide film 13 is formed in the 
semiconductor substrate 1 1 in which P well and N well (illustration ellipsis) of the LOCOS (Local Oxidafion of 
Silicon) film 12 of an isolation field and the element section of N type MOS transistor section 1 grade were formed. It 
deposits with the insulator layer 1 5 on polysilicon contest film 14a which becomes the gate electrode 14 after that, 
tungsten silicide film 14b, and the gate electrode 14, patterning of these insulator layers 15, tungsten silicide film 14b, 
polysilicon contest film 14a, and the oxide film 13 is carried out, and the gate polar zone 2 is formed. 
[0004] Next, As ion-implantation layer 17 used as LDD layer 17a which performs the As ion implantation 16 in the 
source drain section 3, and is later mentioned at an almost perpendicular angle to the 1 1th page of a semiconductor 
substrate is formed. Then, B ion-implantation layer 19 which performs the large inclination ion implantation 18 with 
the pouring angle leaned about about 30 degrees by B ion, and is set to pocket diffusion layer 19a mentioned later from 
the perpendicular direction of the 1 1th page of a semiconductor substrate is formed from a right and left of gate polar 
zone 2, i.e., the source of the source drain section 3, and drain side. 

[0005] Next, as shown in drawing 2 (b), a CVD oxide film is deposited by CVD, etchback of the CVD oxide film by 
anisotropy plasma etching is carried out after that, and the sidewall oxide film 20 is formed in the side-attachment-wall 
section of the gate polar zone 2. Then, using As ion, the almost perpendicular As ion implantation 21 is performed to 
the 1 1th page of a semiconductor substrate, and As ion-implantation layer 22 used as source drain layer 22a later 
mentioned in the source drain section 3 is formed. 

[0006] Next, in order to activate each above-mentioned ion-implantation layer, heat treatment using the RTA (Rapid 
Thermal Annealing) method is performed. Diffusion layer for ** punch-through prevention and so-called pocket 
diffusion layer 19a is formed in the P type impurity of B ion which encloses source drain layer 22a with the LDD layer 
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16a section by the N type impurity of a layer structure, i.e., As ion, as shows each above-mentioned ion-implantation 
layer to drawing 2 (c), and this source drain layer 22a after this heat treatment. After this, although a drawing is 
omitted, deposition of a layer insulation film, formation of a contact hole, electrode wiring formation, passivation film 
deposition, pad **** dawn, etc. are performed, and a semiconductor device is produced. 

[0007] However, the problem that the junction capacitance between the source drain layer 22 and the semiconductor 
substrate 1 1 increases the N type MOS transistor produced by the above manufacture methods since the high- 
concentration pocket diffusion layer 23 is inserted from the high impurity concentration of the semiconductor substrate 
1 1 between source drain layer 21a and the semiconductor substrate 1 1 arises 
[0008] 

[Problem(s) to be Solved by the Invention] this invention sets it as the purpose to solve the trouble in the manufacture 
method of the semiconductor device mentioned above. Namely, the technical problem of this invention aims at offering 
the manufacture method of the semiconductor device which mitigates the increase in a junction capacitance between 
the source drain layer by forming a pocket diffusion layer, and a semiconductor substrate 
[0009] 

[Means for Solving the Problem] In the manufacture method of a semiconductor device of having the process which 
proposes the manufacture method of the semiconductor device of this invention in order to solve an above-mentioned 
technical problem, and forms the diffusion layer for punch-through prevention with a large inclination ion implantation 
The, process which forms the gate polar zone which consists of the insulator layer on a gate oxide film, a gate electrode, 
and a gate electrode. The process which forms the photoresist pattern used as the ion-implantation mask at the time of ' 
the large inclination ion implantation which adjoined the gate polar zone. It is characterized by having the process 
which carries out the ion implantation of the photoresist pattern to the gate polar zone as an ion- implantation mask at 
the time of a large inclination ion implantation. 

[0010] According to this invention, the masking effect of the ion implantation according the pocket diffusion layer by 
large incHnation ion-implantation to the gate polar zone and a photoresist pattern is used. By forming so that only the 
source with which the diffusion layer for punch-through prevention and the so-called pocket diffusion layer change in a 
LDD layer and a high-concentration source drain layer, and the portion which a drain counters may be surrounded The 
field where a pocket diffusion layer is not formed in a source drain layer field can be given holding the conventional 
effect of the threshold voltage reduction suppression by the short channel effect. Therefore, it becomes possible to 
make the increase in a junction capacitance between a source drain layer and a semiconductor substrate mitigate 
[0011] 

[Example] Hereafter, with reference to an accompanying drawing, it explains about the concrete example of this 
invention. In addition, the same reference mark shall be given to the component in drawing 2 referred to by explanation 
of the conventional technology, and the same component. 

[0012] this example is an example which applied this invention to the manufacture method of a semiconductor device, 
and explains this with reference to drawmgl . First, as shown in drawing.l (a), the gate oxide film 13 of about lOnm of 
thickness is formed in the semiconductor substrate 1 1 in which P wales and N wales (illustration ellipsis) of the 
element section of a semiconductor device, such as the LOCOS oxide film 12 of an isolation field and the N type MOS 
transistor sections la and lb, were formed. For example, it considers as the gate electrode 14 after that, polysilicon 
contest film of about lOOnm of thickness 14a and tungsten silicide film of about lOOnm of thickness 14b are deposited, 
and the CVD oxide film 1 5 by CVD is further deposited about about 300nm of thickness as an insulator layer on the 
gate electrode 14 after that. 

[0013] Next, patterning of the above-mentioned CVD oxide film 15, tungsten silicide film 14b, polysilicon contest film 
14a. and the gate oxide film 13 is carried out using photolithography technology, and the gate polar zone 2 is formed. 
Then, a photoresist is applied and the photoresist pattern 3 1 used as the mask for large inclination ion implantations for 
forming pocket diffusion layer 32a which carries out patterning of this photoresist and mentions it later is formed. This 
photoresist pattern 3 1 is formed so that photoresist pattern 3 1 side attachment wall may detach only distance L from 
gate polar-zone 2 side attachment wall, and it is made for the following formula to be realized between the pouring 
angles theta of this distance L, height H of the photoresist pattern 31, and a large inclination ion implantation. 
The more exact approximation of L**Hxtantheta, in addition an upper formula turns into the following formula. 
L-w**Hxtantheta - here, w is width of face of sidewall oxide-film 55 pars basilaris ossis occipitalis mentioned later In 
addition, usually it considers as the pouring angle obtained here from the optimal ion-implantation conditions of pocket 
diffusion layer formation that even shorter gate electrode length suppresses the gate electrode length dependency of the 
threshold voltage VTH by the short channel effect to simultaneously regularity as a pouring angle theta. Therefore, it is 
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necessary to lengthen distance L between photoresist pattern 31 side attachment wall and gate polar-zone 2 side 
attachment wall, so that than the above-mentioned formula and height [ of the photoresist pattern 3 1 ] H, i.e. the 
application thickness of a photoresist, becomes thick. 

[0014] Next, As ion is used, ion-implantation energy is about 25 keV(s), and a dose is abbreviation 5E13/cm2. It 
carries out, and the almost perpendicular As ion implantation 16 is performed to the semiconductor substrate 1 1, and 
As ion-implantation layer 17 used as LDD layer 17a mentioned later is formed, then, B ion - using - energy - kbout 
30 keV(s) and a dose - about 5 ~ E12/cm2 ** - carrying out - the large inclination ion implantation 1 8 about [ for 
^[ example, / the ion-implantation angle of about 45 degrees, and ] - it carries out from a source and drain side as -45 
degrees, and B ion-implantation layer 32 is formed Since the photoresist pattern 31 and the gate polar zone 2 serve as a 
mask of the large inclination ion implantation 18 as shown in drawingj (a), this B ion-implantation layer 32 is formed 
only near the semiconductor substrate 1 1 section under gate polar-zone 2 side attachment wall. 
[0015] Next, the CVD oxide film by CVD is deposited about about 200nm of thickness like [ as shown in dr awin g 1 
(b), after removing the photoresist pattern 31 ] the conventional example, and etchback of the CVD oxide film is 
carried out by anisotropy plasma etching after that. Thereby, the sidewall oxide film 20 is formed in gate polar-zone 2 
side attachment wall. Using As ion after that, ion-implantation energy is about 30 keV(s), and a dose is 5E15/cm2. It 
carries out, the almost perpendicular As ion implantation 21 is performed to the semiconductor substrate 11, and As 
ion-implantation layer 22 is formed. 

[0016] Next, in order to activate each above-mentioned ion-implantation layer, about 20 sees of heat treatments using 
the RTA (Rapid Thermal Anneal) method are performed by about 1000 degreeC. After this heat treatment, the source 
drain layer 21 with the LDD layer 18a section by the N type impurity of a layer structure, i.e., As ion, as shows an ion- 
implantation layer to dravving, 1 (c) is formed, and the diffusion layer for punch-through prevention by the P type 
impurity of B ion and so-called pocket diffusion layer 32a are formed. SI which touches pocket diffusion layer 32a at 
the joint of source drain layer 22a with the LDD layer 18a section as shown in drawing 1 (c) after this heat treatment S2 
which touches the field section and the semiconductor substrate 1 1 directly The field section is made. Since it is higher 
than the concentration of the semiconductor substrate 1 1 , the concentration of the pocket diffusion layer 32a section is 
SI. The junction capacitance per unit area of the field section is S2. It becomes larger than the junction capacitance per 
unit area of the field section. Therefore, the junction capacitance of source drain layer 22a of N type MOS transistor 1 
using pocket diffusion layer 32a decreases as compared with source drain layer 22a (refer to dravving_2 ) of 
conventional MOS transistor 1. 

[0017] After this, although a drawing is omitted, deposition of a layer insulation film, formation of a contact hole, 
electrode wiring formation, passivation film deposition, pad **** dawn, etc. are performed, and a semiconductor 
device is produced. 

[0018] In addition, although a drawing is omitted Also in the MOS transistor arrangement composition field to which 
two or more gate polar zone 2 is located in a line, and is arranged, and the drain of one MOS transistor serves as the 
source of other MOS transistors Interval LI between the adjacent gate polar zone 2 stood in a line and arranged Height 
HI of the gate polar zone 2 Between the pouring angles theta of the large inclination ion implantation 18 If there is a 
relation of HI xtan theta<L 1 <2H1 xtantheta, in such an MOS transistor arrangement composition field, the field in 
which a pocket diffusion layer is not formed will be made, and a junction capacitance will be mitigated. 
[0019] In order to form the pocket diffusion layer 41 which is bigger concentration than the high impurity 
concentration of the semiconductor substrate 1 1 section only in the portion which the source and the drain of the source 
drain secdon 3 counter according to [ as mentioned above ] manufacture for an N type MOS transistor, the junction 
capacitance between the source drain layer 22 and the semiconductor substrate 1 1 is reduced. Therefore, improvement 
in the speed and low-power-izing of a semiconductor device are attained. 

[0020] In addition, the manufacture method of the semiconductor device mentioned above is the N type mentioned 
above for formation of the CMOS semiconductor device with which a P type MOS transistor can be formed by 
changing the impurity at the time of an ion implantation also to formation of a P type MOS transistor, and simultaneous 
formation of N type and the P type MOS transistor is carried out although formation of an N type MOS transistor was 
explained. If the formation process of a P type MOS transistor is added to the manufacturing process of an MOS 
transistor at any time, a CMOS semiconductor device can be formed. 

[0021] As mentioned above, although the example explained this invention, this invention is not limited to this example 
at all. For example, as a gate electrode, although the polycide electrode of the poly SHIRIKO film and a tungsten 
silicide film was used, it is good also as a gate electrode using the polycide film using other refractory metals, the 
silicide film of a refractory metal, the polysilicon contest film, etc. In addition, process conditions can be suitably 
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changed within the Hmits of the technical thought of this invention 
[0022] 

[Effect of the Invention] The junction-capacitance reduction between the source drain layer of the MOS transistor in 
which the pocket diffusion layer was formed, and a semiconductor substrate is attained, therefore it becomes producible 
[ improvement in the speed and the low-power-ized semiconductor device ] so that clearly from the above explanation. 



[Translation done.] 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce the junction capacitance 
between a 

source-drain layer and substrate by forming a photo resist 
pattern to be a mask 

for a large- inclination angle ion implantation and 
implanting ions, using a 

gate electrode and photo resist pattern as a high-angle ion 
implanting mask, 

SOLUTION: An As ion implanting 16 is applied to a 
semiconductor substrate 11 

to form an As ion layer 17, a largeinclination angle B ion 
implanting 18 is 

applied from the source and drain sides to form a B 
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ion-implanted layer 32 

which is formed only near a part of the substrate 11 below 
the side wall of a 

gate electrode part 2 since a photoresist pattern 31 and 
gate electrode part 2 

form a mask for the large-inclination angle ion implanting 
18 . When a pocket 

diffused layer 32a is formed with a p-type impurity of B 
ions, an S region 

adjacent to the pocket diffused layer 32a and S adjacent to 
the substrate are 

formed at the junction of the source-drain layer 22a. The 
diffused detect 32 

has a higher concn, than that of the substrate 11 and the 
j unction capacitance 
can be reduced. 
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ABSTRACT: 

PURPOSE: To obtain a semiconductor device enabling the 
formation of a second 

conductivity type impurity diffusion region of high 
concentration which does 

not contact with a p-pocket and realizing the simultaneous 
achievement of high 

speed and control of a short channel effect, by forming a 
spacer on the side 

wall of a gate electrode and by ion-implanting a second 
conductivity type 

impurity for activation with these elements used as a mask, 
etc . 
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CONSTITUTION: After a thin insulation film 23, a 
polycrystalline silicon 

film 25 and a conductive film 26 are formed in an insular 
region of a 

semiconductor layer 21 of a first conductivity type, a 
resist pattern is 

formed, and the periphery thereof is etched selectively to 
form a gate 

electrode 29 and an opening 28. Next, an impurity of a 
first conductivity type 

is doped through the opening 28 to form a pocket region 30 
of high 

concentration. Then, the conductive film 26, the 
polycrystalline silicon film 

25 and the insulation film 23 other than the gate electrode 
29 are removed, and 

an impurity of a second conductivity type is doped with the 
gate electrode 29 

and an element isolating region 22 used as a mask, so as to 
form two low 

concentration impurity diffusion regions 32. Subsequently, 
a spacer 33 is 

formed on the side wall of the gate electrode 29, and the 
impurity of the 

second conductivity type is doped with the gate electrode 
29, the spacer 33 and 

the element isolating region 22 used as a mask, so as to 
form two high 

concentration impurity diffusion region 35. 
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